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Description 

The invention relates to nonwoven meltblown fibrous elastic webs comprised predominantly of meltblown fibers 
formed from ethylene/alpha-olefin copolymers. 

5 U.S. Patent No. 4,879, 1 70 describes a nonwoven elastomeric web formed by hydraulically entangling a nonwoven 

meltblown web with pulp fibers, staple fibers, additional meltblown fibers or continuous filaments, at least one of which 
fibers is elastomeric. Elastomeric materials described as suitable for forming an elastomeric meltblown web include 
polyesters, polyurethanes, polyetheresters and polyamides referring to U.S. Patent No. 4,657,802. Other elastomeric 
materials are mentioned, however, not in reference to formation of meltblown fibers. Such elastomers include elasto- 

io meric polyolefins, elastomeric copolyesters and ethylene/vinyl acetate copolymers. The co-formed material is de- 
scribed as being a smooth elastic with good hand, drape and other properties. 

U.S. Patent No. 4,724,184 describes an elastomeric nonwoven web formed by meltblown fibers comprised of a 
polyether/polyamide block copolymer such as sold under the trade designation PEBAX™ 3533. The elastic meltblown 
nonwoven web formed from this elastomer is a coherent matrix of microfibers with optionally secondary fibers incor- 

15 porated into the web. 

Additional patents describing elastomeric meltblown webs include U.S. Patent No. 4,663,220 which describes 
polyalkenyl arene/polydiene block copolymers such as A-B-A block copolymers sold under the trade designation KRA- 
TON™ G, which include polystyrene/poryethylene-butylene/polystyrene block copolymers. These block copolymers 
are blended with polyolefins to enhance processability into formation of the elastomeric meltblown web, which elasto- 

20 meric webs are also discussed in U.S. Patent No. 4,789,699. 

U.S. Patent No. 4,741,949 describes an elastomeric web formed from a polyether/polyester. Again, the web may 
optionally contain secondary fibers distributed therein including wood pulp, staple fibers, super-absorbent fibers or 
binding fibers. The loading of the secondary fibers depends on the fiber average length, with smaller fibers, less than 
0.5 in. in length, includable up to 80 weight percent of the web, whereas larger fibers are only includable up to 40 

2S weight percent. 

U.S. Patent No. 4,908,263 describes a nonwoven insulating fabric formed from elastomeric meltblown fibers ad- 
mixed with staple bulking fibers. The bulking fibers have on average at least 1/2 crimp/cm. The meltbbwn materials 
described are formed from elastomeric polyurethanes, polyesters, polyamides or polyalkenyl arene/polydiene block 
copolymers. The preferred elastomeric material is a polyurethane. 
30 EP-A-0 546 837 discloses melt blown webs and laminates formed from an ethylene-2-oiefin copolymer with a 

density of less than 0.9 g/cm 3 and a crystallinity of from 5 to 40 percent and blends thereof. The melt blown webs 
reportedly have elastic properties when stretched by about 10 percent (example 1). 

There continues to be a need for elastomeric meltblown webs for a variety of applications specifically formed from 
thermoplastic polymers having improved meltblown processing characteristics and useful elastic and tensile properties 
35 in a meltblown web form. 

The present invention provides an elastic meltblown web comprising crosslinked ethylene/alpha-olefin copolymers, 
particularly ethylene/1 -octene copolymers. The elastomeric meltblown web comprises a nonwoven fibrous matrix of 
radiation crosslinked ethylene/alpha-olefin copolymer microfibers having an average diameter of generally less than 
about 75 uin, preferably less than about 50 ujti and, most preferably, less than about 25 um The elastomeric meltblown 
40 web has an elongation to break of at least 400 percent, preferably at least 500 percent. 

The elastomeric meltblown web or matrix is provided by melt blowing an ethylene/alpha-olefin copolymer, partic- 
ularly an ethylene/1 -octene copolymer having a density of less than about 0.9 g/cm 3 , preferably less than 0.88 g/cm 3 , 
a melt index of greater than 10 g/10 min, preferably greater than 25 g/10 min (measured by ASTM D-1238, Condition 
E), most preferably greater than 50 g/10 min, and a melting point of less than 100 9 C, preferably less than 80°C. The 
45 coherent matrix of meltblown fibers are collected on a collecting surface and then subjected to radiation crosslinking, 
particularly electron beam radiation in amounts generally greater than about 5 megarads, preferably at least 10 meg- 
arads, to provide a coherent elastomeric meltblown web having an elongation to break of at least 400 percent and 
elastic recovery. 

The pre-irradiation processed nonwoven meltblown webs of the present invention can be prepared by a process 
50 similar to that taught in Wente, van A., "Superfine Thermoplastic Fibers' in Industrial Engineering Chemistry, Vol. 48, 
pages 1 342 et seq (1 956), or in Report No. 4364 of the Naval Research Laboratories, published May 25, 1 954 entitled 
■Manufacture of Superfine Organic Fibers" by Wente, Van. A. Boone, CD., and Fluharty, E.L except that a drilled die 
is preferably used. The thermoplastic material is extruded through the die into a high velocity stream of heated air 
which draws out and attenuates the fibers prior to their solidification and collection. The fibers are collected in a random 
ss fashion, such as on a perforated screen cylinder, prior to complete fiber solidification so that the fibers are able to bond 
to one another and form a coherent web which does not require additional binders. This bonding is desirable to improve 
mechanical properties. 

Post-extrusion crosslinking of the formed meltblown webs is accomplished by passing the webs through a con- 
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ventional electron beam irradiation device operating under normal conditions. However, it is believed that other radiation 
sources could also work, such as alpha, gamma or beta radiation. Under the range of conditions examined, enhanced 
web properties were correlated with increasing radiation exposures. The radiation exposure was generally at least 5 
megarads, with at least 10 megarads being preferred. The resulting web exhibited elongations to break of at least 400 
5 percent, preferably at least 500 percent, and most preferably at least 600 percent, while exhibiting peak loads at least 
20 percent higher than a non-treated or non-irradiated web, preferably at least 30 percent higher, and most preferably 
at least 50 percent higher. 

Particularly preferred ethylene/alpha-olefin copolymers are suitably described as interpotymers of ethylene and 
an alpha-olefin, particularly a C 3 -C 12 alpha-olefin, particularly a C 4 -C 8 alpha-olefin with loctene being particularly 

10 preferred, with alpha-olefin amounts preferably greater than 20 mole percent of the polymer up to about 70 mole 
percent, preferably, less than 50 mole percent alpha olefin and, optionally, a minor proportion of diene monomers. The 
ethylene/alpha-olefin copolymers generally have a melt index above about 1 0 g/1 0 min., preferably above 25 g/10 min. 
and, most preferably above 50 g/10 min. (measured by ASTM D-1238, Condition E). Further, preferably, the polymer 
has a Vicat softening point of less than about 60°C, preferably less than 50°C, providing a broad processing window 

is and ability to form a coherent web at a wide range of collector distances, while providing a web capable of low tem- 
perature thermal processing such as a particular ethylene/1 -octene copolymer having a melt index of 80-100, a melt 
flow ratio of 7.3, a density of 0.871 (measured by ASTM D-792), a vicat softening point (measured by ASTM D-1525) 
of 40°C and a melting point of 64° C (as determined by differential scanning calorimeter). Mechanical properties of this 
polymer measured by ASTM D-638 include a tensile strength at yield of 170 PSI, a tensile strength at break of 350 

20 PSI, and an elongation of 430 percent, flexural strength and flexural modulus measured by ASTM D-790 of 850 PSI 
and 2,260 PSI, respectively, rigidity of 1,000 PSI, by ASTM D-747, with a hardness (shore A) of 70 as determined 
using ASTM D-2240. This polymer is designated as Dow Insite™ XUR-1567-48562-9D and is formed by addition of a 
constrained geometry metallocene catalyst. 

Additionally, various particulate materials and staple fibers can be incorporated into the coherent elastomeric web 

25 during the web formation process by well known methods such as described in U.S. Patent Nos. 4,755,178 and 
4,724,184. 

The following examples are currently contemplated preferred modes for carrying out the invention and should not 
be considered as limiting unless otherwise indicated. 

30 Examples 1-5 

Pre-irradiation processed nonwoven melt blown webs were prepared using an ultra-low density ethylene/1 -octene 
copolymer (Insite™, XUR-1567-48562-9D, density 0.871, melt index 95.8, available from Dow Chemical Company, 
Midland Ml). The peak melting point was determined by DSC, scan rate 5°C/min., second heat, as about 69°C and 

35 reported by the manufacturer as 64°C. The Vicant softening point was reported as 40"C. The webs were formed by a 
process similar to that described in Wente, Van A., 'Superfine Thermoplastic Fibers' in Industrial Engineering Chem- 
istry, Vol. 48, pages 1 342 et seq (1956), or in Report No. 4364 of the Naval Research Laboratories, published May 25, 
1954 entitled 'Manufacture of Superfine Organic Fibers' by Wente, Van. A. Boone, CD., and Fluharty, E.L except that 
a 1.9 cm (0.75 in.) Brabender single screw extruder equipped with a 25/1 L/D screw was used and the meltblowing 

40 die had smooth surfaced orifices (10/cm) with a 5:1 length to diameter ratio. The melt temperature was 210°C, the die 
was maintained at 200*C, the primary air temperature and pressure were, respectively, 1 98°C and 55.2 kPa (0.76 mm 
gap width), the polymer throughput rate was 2.4 g/cm/minute, and the collector/die distance was 46 cm (18 in.). The 
resulting nonwoven web had an average fiber size of 12 |im (range of 4-17 |im) and a basis weight of approximately 
100 g/m 2 . The thus formed meltblown web was subjected to post-blowing electron beam irradiation levels as indicated 

45 in Table 1 using a custom built electron beam machine equipped with a tungsten filament and a 1 2 jim thick titanium 
window which was capable of delivering an acceleration voltage over a range of 100-300 KeV (available from Energy 
Sciences, Inc. Wilmington, MA). The machine was operated at a 250 KeV energy level , with exposures of 5, 10, 15, 
and 20 MRads for the preparation of the webs of the present invention. Web samples were placed on a polyethylene 
terephthalate) carrier film and irradiated in a nitrogen inerted chamber (oxygen level of approximately 5 ppm) and a 

so line speed of 9. 1 4 m/min (30 ft./min). Physical properties of the irradiated webs were measured on an Instron™ Tester, 
Model 1122 (available from Instron Corp., Canton, MA) with a jaw gap of 5.08 cm (2 in.) and a head speed of 25.4 cm/ 
minute (10 in./minute) and analyzed using Instron™ Series 9 software. Web samples (2.54 cm X 8.9 cm ) were die cut 
along the machine direction axis. Physical property data for the samples is reported in Table 1 

55 Comparative Examples C-1 thru C-5 

Comparative examples were prepared according to the procedure of Examples 1 -5 except for using a linear low 
density polyethylene resin (Aspun™ 6806, density 0.930, melt index 105, available from Dow Chemical Co.), with a 
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peak melting point of 121 °C (determined by DSC, as above). The melt temperature was 229°C, the die temperature 
was 235 8 C, the primary air temperature and pressure were, respectively, 231°C and 96.5 kPa (0.76 mm gap width), 
the polymer throughput rate was 1.2 g/cm/minute, and the collector/die distance was 14.4 cm (6 in.). The resulting 
nonwoven web had an average fiber size of 5-1 0 microns and a basis weight of about 71 gym* The webs of comparative 
5 examples C-1 thru C-5 were exposed to the same E-beam radiation levels as the webs of examples 1 -5. The physical 
property data for all the samples is reported in Table 1 . 



10 



15 



20 



25 



30 



35 



40 



45 



50 



4 



EP 0 715 661 B1 



10 



20 



25 



3 2 

14 



(0 
9 
•H 

58. 



40 



45 



50 



c 
o 

-H 
10 

o 
w 



ICJ 



to 

CD 
CM 



IS* 



id 

o ^ 



4J 
A3 




! 
2 



in 



in 



CM 



in 



LI 



55 



The data in Table 1 shows a significant improvement in elastic properties of the nonwoven webs of the present 
invention upon radiation treatment. In contrast, the webs of the comparative examples exhibited only slight improvement 
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in elastic and tensile properties under identical irradiation conditions. 



Claims 

5 

1. An elastic nonwoven web comprising a nonwoven fibrous matrix of a radiation crosslinked elastomeric ethylene/ 
alpha-olefin copolymer microfibers, the elastomeric ethylene/alpha-olefin random copolymer having a density of 
less than 0. 9 g/cm 3 , a melting point of less than 1 00°C , a melt index of greater than 1 0 g/1 0 min and a fiber diameter 
of less than 50 um wherein the web has an elongation to break of at least 400 percent and recovers elastically. 

w 

2. The elastic nonwoven web of claim 1 wherein the ethylene/alpha-olefin copolymer is a radiation crosslinked eth- 
ylene/1 -octene random copolymer having a melting point of less than 80°C and a density of less than 0.88 g/cm 3 
and the web peak load is at least 20 percent higher than a comparable non-radiation crosslinked web. 

is 3. The elastic nonwoven web of claim 2 wherein the web has an elongation to break of at least 500 percent and the 
web peak load is at least 30 percent higher than a comparable non-radiation crosslinked web. 

4. The elastic nonwoven web of claim 2 wherein the web has an elongation to break of at least 600 percent and the 
web peak load is at least 50 percent higher than a comparable non-radiation crosslinked web. 

20 

5. The elastic nonwoven web of claim 1 wherein the alpha-olefin is a C 3 -C 12 alpha-olefin and the ethylene/alpha- 
olefin copolymer melt index is greater than about 25 g/10 min. 

6. The elastic nonwoven web of claim 1 wherein the alpha-olefin is a C 4 to C 8 alpha-olefin. 

25 

7. The elastic nonwoven web of claim 2 wherein the ethylene/1 -octene copolymer Vicat softening point is less than 
about 60°C. 

8. The elastic nonwoven web of claim 3 wherein the ethylene/1 -octene copolymer Vicat softening point is less than 
30 about 50° C. 

9. The elastic nonwoven web of claim 2 wherein the ethyiene/1 -octene copolymer melt index is greater than about 
50 g/10 min. 



35 

Patentanapruche 

1. Elastisches Vliesgewebe, umfassend eine Faservliesmatrix aus Mikrofasern eines strahlungsvemetzten elasto- 
meren Ethylen/alpha-Olefin-Copolymers, wobei das elastomere statistische Ethylen/alpha-Olefin-Copolymer eine 

40 Dichte von weniger als 0,9 g/cm 3 , einen Schmelzpunkt von weniger als 100°C, einen Schmelzindex von mehr als 

10 g/10 min und einen Faserdurchmesser von weniger als 50 urn aufweist, wobei das Gewebe eine ReiGdehnung 
von mindestens 400 Prozent aufweist und sich elastisch erholt. 

2. Elastisches Vliesgewebe nach Anspruch 1 , wobei das Ethyl erValpha-Olefin-Copolymer ein strahlungsvernetztes 
45 statistisches Ethylen/I-Octen-Copolymer mit einem Schmelzpunkt von weniger als 80°C und einer Dichte von we- 
niger als 0,88 g/cm 3 ist und die Spitzenbelastung des Gewebes urn mindestens 20 Prozent hoher als die eines 
vergleichbaren, nicht strahlungsvemetzten Gewebes ist. 

3. Elastisches Vliesgewebe nach Anspruch 2, wobei das Gewebe eine ReiGdehnung von mindestens 500 Prozent 
so aufweist und die Spitzenbelastung des Gewebes urn mindestens 30 Prozent hoher als die eines vergleichbaren, 

nicht strahlungsvemetzten Gewebes ist. 

4. Elastisches Vliesgewebe nach Anspruch 2, wobei das Gewebe eine ReiGdehnung von mindestens 600 Prozent 
aufweist und die Spitzenbelastung des Gewebes urn mindestens 50 Prozent hoher als die eines vergleichbaren, 

55 nicht strahlungsvemetzten Gewebes ist. 

5. Elastisches Vliesgewebe nach Anspruch 1 , wobei das alpha-Olefin ein C 3 -C 12 -alpha-Olefin ist und der Schmelz- 
index des Ethylen/alpha-Olefin-Copolymers groGer als etwa 25 g/10 min ist. 
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6. Elastisches Vliesgewebe nach Anspruch 1 , wobei das alpha-Olefin ein C 4 - bis C 8 -alpha-Olefin ist. 

7. Elastisches Vliesgewebe nach Anspruch 2, wobei der Vicat-Erweichungspunkt des Ethylen/1 -Octen -Copolymers 
niedriger als etwa 60 9 C ist. 

5 

8. Elastisches Vliesgewebe nach Anspruch 3, wobei der Vicat-Erweichungspunkt des Ethylen/1 -Octen -Copolymers 
niedriger als etwa 50°C ist. 

9. Elastisches Vliesgewebe nach Anspruch 2, wobei der Schmelzindex des Ethylen/1 -Octen-Copolymers groGer als 
io etwa 50 g/10 min ist. 

Revendication* 

is 1 Un voile elastique non tisse comprenant une matrice non tissee fibreuse de micro fibres etastomeres d'un copol- 
mere d'6thylene/alpha define reticule par irradiation, le copolymere elastomere aleatoire d'ethylene/alpha define 
ayant une densite inferieure a 0,9 g/cm* un point de fusion inferieur a 100-C, un indice de fusion superieur a 10 
g/10 minutes et un diametre de fibre inferieur a 50 um, dans lequel le voile a un allongement a la rupture d'au 
moins 400 pour cent et a une recuperation elastique. 

20 

2 Le voile elastique non tisse selon la revendication 1 , dans lequel le copolymere d'ethylene/alpha define est un 
copolymere aleatoire reticule par irradiation d'ethylene/1 -octene ayant un point de fusion inferieur a 80°C et une 
densite inferieure a 0,88 g/cm3 et la charge maximum du voile etant 20 pour^cent superieure a celle d'un voile 
comparable non reticule par irradiation. 

Le voile elastique non tisse selon la revendication 2, dans lequel le voile a un allongement a la rupture d'au moins 
500 pour-cent et dans lequel la charge maximum du voile est au moins 30 superieure a celle d'un voile comparable 
non nMicule par irradiation. 

30 4 Le voile elastique non tisse selon la revendication 2, dans lequel le voile a un allongement a la rupture d'au moins 
6 00 pour-cent et dans lequel la charge maximum du voile est au moins 50 superieure a eel le d'un voile comparable 
non reticu!6 par irradiation. 

5 Le voile elastique non tisse selon la revendication 1 , dans lequel I'alpha define est une alpha define en C 3 -C 12 
35 ' et dans lequel I'indice de fusion du copolymere d'ethylene/alpha olefine est superieur a environ 25 g 1 0 m.nutes. 

6. Le voile elastique non tisse selon la revendication 1 , dans lequel I'alpha olefine est une alpha olefine en C 4 a C 6 . 

7. Le voile elastique non tisse selon la revendication 2, dans lequel le point d'amollissement Vicant du copolymere 
40 Methylene, 1 -octene est inferieur a environ 60 tt C. 

8. Le voile elastique non tisse selon la revendication 3, dans lequel le point d'amollissement Vicant du copolymere 
d'ethylene/1 -octene est inferieur a environ 50*C. 

45 9. Le voile elastique non tisse selon la revendication 2, dans lequel le copolymere d'ethylene/1 octene a un indice 
de fusion superieur a environ 50 g/10 minutes. 
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